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(54) [Title of Invention] Rolling Device

(57) [Summary] v

[Objective] To provide a rolling device which freely changes the rollin g or traveling -
direction as it is simply configured of a single driving device relative to a single rotor and which
efficiently uses the force of the drive source.

[Constitution]

Amotor 4 which is the drive source and a drive shaft for this motor 4 are connected on top
of a base 1. A plate 5 which is made up of a rotor which transmits the drive force is connected
and fixed by a screw (not shown in drawing). A sphere which receives the drive force from the
plate 5 fits into an idler 7 and the plate 5. The motor 4, the plate 5, the sphere 6 and the idler 7
form one set and three sets of these are disposed on the base 1 which is positioned at the vertex

which is shaped like a right triangle. The aforementioned motor 4 is controlled by a control part
22 and the rolling device is driven in the desired rolling direction.

' SPECIFICATION

[Scope of Patent Claim]

[Claim 1} A rolling device which is provided with the same or a connected housing, at least three
spherical rotors which are supported so that they can rotate freely on this housing; drive sources
which are loaded onto said housing, one drive source being disposed for a single rotor, so that
they turn and drive said rotors; the rolling device being configured so that when said rotors make

contact with a plane surface, it can roll in any direction on the plane surface by driving said drive
source. o : ’

[Detailed Description of the Invention]

[0001])

[Field of Industrial Use] The present invention relates to a rolling device which can be used
first and foremost for mobile robots as well as for toys and automobiles.

[0002]

[Description of the Prior Art] Prior art rolling devices such as the one disclosed in the Official
Gazette for Laid-Open Patent Application 60-104475 made use of spheres on the rotors and were
able to move other objects and to move automatically by using two groups of objects which

could rotate in front and behind, left to right, or at an incline at two drive sources which made
contact with a single sphere. '



[0003]

Figure 8 indicates an outline form of an exampleé of this and our explanation will be based on this
drawing. Spheres 31, 32 and 33 are placed on the base of housing 29 and integrated housing
base 30 so that they can rotate freely as a driven wheel. Plate-shaped supports 34 and 35 into
which spheres 36 and 37 have been inserted are fixed on the housing 29 and integrated housing
base 30. Opening parts 34a, 34b, 35a and 35b are placed at a 90° angle from the center of the
support. Rubber tires 38, 39, 40 and 41 make contact with spheres 36 and 37 via these opening
‘parts. Motors 42, 43, 44 and 45 are attached to these rubber tires 38, 39, 40 and 41.

[0004]

Figure 9 is a lateral sectional view of line A-A in Figure 8. Sphere 37 protrudes from circular
- opening part 30a which is disposed on housing base 30 and makes contact with plane surface 54.
~ When rolling in direction 56 on the X axis in Figure 8, the action of this device is such that
motor 42 and motor 44 are turned at the same velocity in the same direction. When rolling in
direction 55 on the Y axis, motor 43 and motor 45 are turned at the same velocity in the same
direction. When rolling in an inclined direction indicated by arrow 57 with an X axis anda Y
axis which are different, motor 42 and motor 44 are turned in the same direction and at the same
time, motor 43 and motor 46 are turned in the same direction. At this time, the velocity of motor
42 and motor 44 are the same (this turning velocity is indicated as Nx and the velocity of motor
43 and motor 45 are the same (this turning velocity is indicated as Ny). Thus, by changing the
size of turning velocity Nx and turning velocity Ny, an angle is set up which makes it possible to
roll in an inclined direction. By unilaterally changing the turning direction and the velocity of

motor 42 and motor 44 in turning housing 29, the turning shaft of housing 29 is set at any
position and rolling takes place.

[0005])

[Problems Which the Present Invention Attempts to Resolve] However, the device indicated
in Figure 8 required at least two drive sources for a single sphere which was the rotor. As a
result, it had twice as many drive sources as there were spheres (which were the rotors) and there

were problems in that the configuration of the overall device and control of the drive force which
was provided to the rotor was complicated. : '

[0006]

The device indicated in Figure 10 (a) is disclosed in Mechanical Design (published by Nikkan
Kogyo Shimbun Press), Vol. 36, No. 15 (November, 1992) and it resolves the problems indicated -
above by virtue of the rolling device. This rolling device has three wheels 62 as indicated in
Figure 10 (b) which are connected to the body 61 so that they can rotate. Wheel 62 turns in the

direction indicated by the arrows. In addition, rollers 63 which can turn at a right angle to the
various wheels 62 are disposed on this wheel 62.

[0007]

However, the rolling device 60 indicated in Figure 10 has a wheel 62 which can turn only in the
direction indicated by the arrow. As a result, when one is traveling on the surface of a road, for
example, when proceeding in direction Y, the wheel A does not slide since roller 63 turns.
However, wheels B and C proceed by sliding. Even if [the wheels] proceed in another direction,



some sort of wheel must slide.

[0008]

Also, since wheel 62 and the road surface make linear contact, when turning is carried out, arcs
a, b and c have different turning radii op a single wheel 62 so that the velocity must not be the
‘same since there is no sliding. Nevertheless, the turning velocity of wheel 62 is constant
regardless of the internal periphery or the external periphery so that sliding arises. The force
transferred from the drive source is lost and it is not possible for the rolling device to travel
efficiently. ' :

[0009]

Therefore, it is an object of the present invention to provide a rolling device which can readily
change the traveling direction due to its simple configuration by using a single drive source for a
single rotor and which can efficiently use the force of the driving source.

[0010]

[Means.Used to Resolve These Problems] In order to resolve the ‘aforementioned problems, the
present invention is provided with the same or a connected housing, at least three spherical rotors
which are supported so that they turn freely on this housing and a drive source which turns and
drives the aforementioned rotors, one drive being disposed for one rotor, which are loaded onto
said housing and a control part which controls the drive of this drive source and which is
configured so that rolling takes place in any direction on a flat surface by driving the
aforementioned drive source when the rotor makes contact with the flat surface.

[0011]

[Operations] According to the process of the rolling device in the present invention with the
aforementioned configuration, it is provided with at least three spherical rotors and a single drive
source disposed for each one of these rotors. Since it has at least three rotors, the rolling device

is stable. Since the rotors are spherical. they can turn in any direction. As there is no sliding, the
force from the drive source can be used efficiently. . L

[0012] ‘ ==

In addition, since there is a single drive source for a single rotor, there are three drive sources
when there are three rotors. Since the drive source which is controlled by the control part
diminishes, the control process is simplified '

[0013]

[Working Embodiment of the Invention] Next, we shall explain a working embodiment of the
present invention referring to the drawings. Figure 1 is an inclined view of the configuration of
the first working embodiment of the present invention. Housing 2 and flat base 1 which is
Placed so that it forms an integral piece with this housing are disposed in this figure. Motor 4



¢

these)-which is a rotor which pushes sphere 6-and plate 5 so that friction occurs between sphere
6 and plate 5. Idler 7 is connected and fixed by a screw (not shown in drawing). A stay 3 which

presses sphere 6 from the top is disposed in the housing 2 so that sphere does not fall-out of place
between plate 5 and idler 7.

[0014]

Motor 4, which is the drive source as indicated previously, may be another type of drive source
which generates torque. Plate 5 which transfers the drive force and idler 7 which presses in
sphere 6 are made of metal; however, they may also be made of resin or rubber. Sphere 6 which
receives the drive force is made of rubber, however, it may also be made of metal or resin.

[0015])

The housing 2, stay 3, motor 4, Plate 5, sphere 6 and idler 7 mentioned previously form a single
setand at least three sets are disposed on the base 1. In addition, control part 22 which controls
the drive force which is provided to the motor 4 is connected to motor 4 via a lead wire 23.
Support signals which provide instructions for the rolling direction are sent from a remote
control (not shown in drawing) to this control part 22. Figure 2 explains the disposition of the
aforementioned three sets in a plane surface direction which is parallel to base 1.

[0016)

The center of the three spheres 6 form a triangle and three lines which connect the contact point
of plate 5 and sphere 6 and the center of sphere 6 either form a triangle or are disposed so that
they intersect at one point. Figure 3 indicates the height of plate 5, sphere 6 and idler 7.

[0017] ’

Figure 3 is a diagram which indicates a partial section along line B-B in the rolling device in the
working embodiment of the present invention. This device is supported by three spheres 6
relative to the plane surface (for example, the floor, a road and the like) which the device travels

—on. Sphere 6 protrudes from the opening part 12 which is set on base 1 and makes contact with

plane surface 8. Sphere 6 is Supported by at least three bearings 13 (which are rotors) when base
1is lifted up and sphere 6 is lowered so that even if base 1 is lifted up it does not fall from

opening part 12. However, while plane surface 8 and sphere 6 make contact, sphere 6 and
bearing 13 are separated. :

- [0018]

The positiohing of the heights of plate 5, sphere 6 and idler 7 is made so that the center of plate 5
and idler 7 is equal to the height of the center of sphere 6. The setting is made so that the
pushing force of idler 7 overcomes the friction arising between sphere 6 and plane surface 8.

[0019]

Sphere 6 makes contact with at least one bearing (which is the rotor) which is connected and

fixed to stay 3 with screw 11 and the weight of the overall device is supported in the normal
direction relative to the road surface §. :




[0020]

At least three casters 10-which are rotors--whose length can be readily adjusted and which are
connected and fixed to stay 3 with a screw are placed to maintain the correct positioning between
plate 5, sphere 6 and idler 7 even if bearing 9 and bearing 13 come into play unexpectedly.
These casters 10 usually do not make contact with the sphere 6 and are configured so that they
make contact when sphere 6 comes into play in the upper direction. In addition, the positioning

in a direction which is parallel to the sphere 6 and the road surface 8 of bearing 9 is such that the
center of sphere 6 and the center of bearing 9 are the same. '

Y

[0021]

Next, we shall explain how the device is operated. When this device is pushed forward in any
direction, the radii r of the three bases are made equal to improve the sustained maneuverability -
in Figure 4 and the radii R of the three spheres 6 are made equal. Furthermore, the plates 5 are
made into plate 5a, 5b and 5c. The spheres 6 which provide torque to the various plates are made
into spheres 6a, 6b and 6¢. The centers of each of these spheres 6 form a right triangle STU.
The direction in which the center of gravity G of this rolling device is moved is 6 and the
velocity of the center of gravity Gis V. Triangle XYZ which is formed by a straight line which
is made by joining the contact point of plate 5 and sphere 6 and the center point of sphere 6 is a
right triangle. The positioning with triangle STU is such that the center of gravity is the same,
however, the phase is off 60°. Here, when the number of rotations of motor 4 which are
provided to plates 5a, 5b and 5¢ is N1, N2 and N3, control part 22 provides the number of
rotations respectively to plates 5a, 5b and 5c as indicated in the following equations.

- {0022]
[Number 1] N1 = Vcos 6/ (2 m 4)

[0023]
[Number 2] N2 =V cos (60 - 0)/2nr)

{0024]
[Number 3] N3 =V cos (60 + 0)/ (2 n 1)

As indicated by the above equations, the number of rotations for the motor 4 is
controlled, and torque is provided to the sphere 6 via the plate 5 so that sphere 6 and plane
surface 8 do not make contact. At this time, the three spheres 6 turn in the directions of arrows
P, Q and R indicated in the figures. Nevertheless, when sphere 6 makes contact with plane
surface 8, the three spheres 6 are restrainad on plane surface 8 so that the device which is made
up of these three spheres turns in the same direction as 0. In other words, center of gravity G of
triangle XYZ proceeds in direction 6 at velocity V. Therefore, rolling can be readily carried out
on a surface which is parallel to plane surface 8.

[0025)
The rolling process mentioned above is carried out by maintaining a state which is parallel to the



original state without the rolling device rotating. However, as will be explained further on, this
rolling device can be rotated.

[0026]

As indicated in Figure 5, the centers of Spheres 6a, 6b and 6¢ are P1, P2 and P3 in the same
device as indicated in Figure 4 and the distance between center of gravity G of triangle XYZ is d.
When the x and y coordinates are considered with center of gravity G as the origin, when rotation
is carried out at a rotating velocity W with any point P (x1, y1) as the center, control part 22
-controls the number of rotations N1, N2 and N3 of motor 4 and rotations are provided
respectively to plates 5a, 5b and 5c. '

[0027)
[Number 4] N1 =W L1. cos $2/ (2rr)

[0028]
[Number 5] N2.= WL2. cos $2/ (2rr)

[0029]
[Number 6] N3 = WL3 . cos ¢3 / (2mr)

However, L1, L2, L3, $1, ¢2 and $3 have the following equations.

(0030}
[Number7] L12 = L2+d2 -2Ld - cos 51

[0031]
[Number 8] L22 =1.2+d 2 - 2Ld - cos 62

[0032] .
[Number 9] 122 =12+d2 - 2Ld - cos 63

[0033] |
[Number 10] ¢1=cos-1((L12+d2 -L2)/(2L14d))

[0034]
[Number 11} $2 =cos-1 ((L22+d2 -L2)/(2L2 d))

[0035]

[Number 12] ¢3 =cos -1 (@32+4d2 -L2 )/(2L3d))
Also, 81, 62, 93, 8 and L have the following equations.

[0036]
[Number 13} 61 = 180- 6

[0037]

(R X 1



[Number 14] 62 = 60 - §
[0038]
[Number 15] 62 =60 + 0

[0039]
[Number 16] 6 =tan-1 (x1/y1)

[0040]
[Number 17] L=(x12 + Y12)12

As indicated by the above-mentioned equations, by providing rotations to plates 5a, 5b and 5c,
the rotation center P of the rolling device can be set to any position and an arc-shaped rolling
path is drawn. :

(0041]
Thus, the working embodiment of the present invention is provided with a function in which the
- rolling direction can be readily changed, however, this configuration is a simple one which

[0042] -
The radii of the sphere 6 may all be different and the number of rotations provided by the motor

4 may be controlled to fit the radii of the spheres 6 at this time as well., The triangle XYZ which
is formed by the respective centers of the three spheres 6 may be different from a right triangle.

[0043]

As indicated in Figure 3 and Figure 6, the force provided which is horizontal to the plane surface
8 relative to the sphere 6 is not transferred from the idler 7 to the motor 4 as'a means of retaining

may be made into a bearing.

[0044]

Even when the sphere 6 becomes deformed or moves in a direction which is horizontal to the
direction of plane surface 8, a linear guide bearing (not shown in figure) is mounted and a spring



18 is mounted on stay 19 so that the idler 7 can continue to provide force to the sphere 6 and so
that stay 19 which retains the idler 7 can move freely in a direction which is horizontal to the
plate surface 8, as indicated in Figure 3. Idler 7 may be received by the bearing just like plate 5.

large number of small balls 20, as indicated in Figure 7. These small balls 19 roll along the small
ball path of motion 21 as sphere 6 turns. '

[0046)

In addition, in the working embodiment provided above, the configuration used sent signals to

the control part 22 using a remote control, however, it may also be configured to provide signals -
directly to the control part 22. . :

[0047]

[Effectiveness of Invention] The rolling device in the present invention is characteristic in that it
is easy to roll freely in any direction by using at least three drive sources and at least one rotor

[0048]

Since the rotor is spherical, the rotor provides a sliding motion and the driving force which is
provided to the rotor can be used efficiently.

[Brief Description of Drawings]

[Figure 1] A partial sectional inclined view of the rolling device in the working embodiment of
the present invention, :

[Figure 2] An outline view of the rolling device in the working embodiment of the present
invention, . ' '

[Figure 3j Figure 3 is a lateral view of the section along line B-B in Figure 1.

[Figure 4] A schematic view of operations for the rolling device in the present invention.
[Figure 5] A schematic view of operations for the rolling device in the present invention,
[Figure 6] Another working embodiment of the method used to retain sphere 6.

[Figure 7] Another working embodiment of the method used to retain sphere 6.




[Figure 8] Partial sectional plane view of the prior art rolling device.
[Figure 9] Lateral view of the section along line A-A in Figure 9.

[Figure 10] A view of the prior art rolling device.

[Explanation of Notation]
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. Housing
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